Objective: The present study aimed to estimate prevalence of hypertension among adults in rural remote areas of Xinjiang, China and evaluate the associated factors of hypertension. Methods: The survey was based on questionnaire interviews and clinical measurements of 11,340 individuals (ě18 years old), and was conducted during 2009-2010 via a stratified cluster random sampling method in the remote rural areas of Xinjiang, about 4407 km away from the capital Beijing. Hypertension was defined according to WHO/ISH criteria. Results: Systolic blood pressure (SBP) and diastolic blood pressure (DBP) of the population were (126.3˘21.4) and (80.9˘13.4) mmHg. Compared with Han nationality subjects, SBP and DBP of Kazakh nationality subjects were significantly high (p < 0.05), while the SBP and DBP of Uyghur subjects were significantly low (Kazakh: (128.7˘23.9) and (83.0˘14.6) mmHg, Uyghur: (123.6˘19.3) and (77.4˘12.7) mmHg, Han: (126.5˘20.5) and (82.6˘11.9) mmHg, p < 0.05). Prevalence of hypertension of the population was 32.1%, and was greater among Kazakhs and lower among Uyghur than Han (Kazakh: 36.9%, Uyghur: 26.1%, Han: 33.7%, p < 0.05). The age-standardized prevalence of hypertension was 30.2%, and was greater among Kazakhs while lower among Uyghurs than Han subjects (Kazakh: 37.0%, Uyghur: 26.0%, Han: 33.8%, p < 0.05, p < 0.05). Multivariate logistic regression analyses showed Gender (OR = 1.324), age (OR = 2.098, 3.681, 6.794, 9.473, 14.646), nationality (OR = 1.541), occupation (OR = 1.659, 1.576), education (OR = 1.260), BMI (OR = 1.842), WC (OR = 1.585), WHR (OR = 1.188), WHR (OR = 1.188), diabetes (OR = 1.879), hypertriglyceridemia (OR = 1.361), hypercholesterolemia (OR = 1.131) and high blood low density lipoprotein cholesterol (LDL-C) (OR = 1.956) were all positively correlated with hypertension, while low blood high density lipoprotein cholesterol (HDL-C) (OR = 0.765) was negatively correlated with hypertension. Conclusions: Prevalence of hypertension among adults in remote rural areas of Xinjiang was higher than the national average. Prevalence of hypertension was greater among Kazakhs and lower among Uyghurs than Han nationals, thus indicating significant differences between regions and nationalities. Gender, age, nation, occupation, education, overweight or obesity, abdominal obesity, diabetes, hyperlipidemia, hypercholesterolemia, high LDL-C were positively correlated with hypertension, low HDL-C was negatively correlated with hypertension.
Introduction
Hypertension is the most common chronic disease, and the most important risk factor of cardiovascular diseases. Data has shown that lowering the blood pressure in hypertensive patients can reduce the risks of stroke and heart disease events; it can also improve the life quality of hypertensive patients significantly [1, 2] . In China, with a population of 1.34 billion, about 200 million people suffer from hypertension [3] . In other words, there were two people suffering from hypertension for every ten adults in China, accounting for about 1/5 of the global number of hypertensive patients [1] , China had become the first hypertensive country around the world. Xinjiang, a vast and multi-ethnic province, is located on the northwest edge of China; its prevalence of hypertension ranks at the forefront of China due to its geographical remoteness, a relatively backward economy and low education level. The rates of awareness, treatment and control of hypertension are very low, and moreover, hypertension in remote rural areas of Xinjiang was even more worrying [4] [5] [6] . Despite China's economic growth, social progress, improved living standards and accelerated urbanization, especially in economically backward areas, such as Xinjiang, there have been only a few epidemiological investigations of hypertension among urban populations. Xinjiang has a broadly dispersed population, and it is a multinational region with forty-seven nationalities. The main ethnic groups in Xinjiang are the Uygur, Kazak and Han. There are serious language communication barriers in the epidemiological investigation of ethnic minorities, especially in remote rural areas, so studies in remote rural areas are almost non-existent due to the implementation difficulties. Jiashi, Xinyuan and Shawan County were the regions mainly inhabited of the Uygur, Kazak and Han population, respectively. To further explore the epidemiological characteristics of hypertension among the Uygur, Kazak and Han populations in remote rural areas of Xinjiang, and strengthen the level of awareness, prevention and treatment of hypertension, our research team launched an epidemiological investigation among rural adults in Jiashi, Xinyuan and Shawan County, Xinjiang and quantitatively evaluated the effects of different levels of body mass index (BMI) and waistline circumference (WC) on the prevalence of hypertension.
Subjects and Methods

Subjects and Sampling
This questionnaire-based survey and clinical measurements of 11,340 individuals were conducted during 2009 to 2010, using a multistage stratified cluster random sampling method (region-countytownship-village) among rural residents. At the beginning, we chose three representative regions (Kashi, Yili, Tacheng) according to the geographical distribution of the population in Xinjiang (which is located in the northwest in China). After that, we randomly selected three counties (Jiashi, Xinyuan, and Shawan County) from the three regions. Then, three townships (Jiangbazi, Nalati and Xigebi Township) were randomly chosen from the three counties. In the last stage, a stratified sampling method was used to select corresponding villages (twelve in Jiangbazi, six in Nalati, nine in Xigebi) in the three townships. With informed consent, we interviewed permanent residents (i.e., who had been residing for more than 6 months in the village) of the Han, Uyghur and Kazakh nationalities aged 18 and above for investigation. The study was approved by the Ethical Review Board of The First Affiliated Hospital of Medical College of Shihezi University (ID: 2010LL01).
The number of samples in each age group was calculated according to the age composition of the national population census in 2000. Men and women were stratified to ensure gender balance in the sample. Four thousand people were estimated in each sampling region, and a total of 12,000 people were investigated. Finally, the survey was actually completed by 11,340 people actually, so the response rate was 94.5%. The number of Kazakh, Uyghur and Han subjects were 3904, 3976 and 3460, respectively.
Data Collection
Every investigator underwent strict training in the methodology and principles of the research program as well as in the necessary skills for the study prior to the start of the research. Data comprised questionnaire interviews and clinical measurements.
Questionnaire Interviews
A self-developed questionnaire was applied by trained investigators to collect detailed information. The questionnaire consisted of demographic information about the respondents (such as age, gender, nationality, education level, marital status, etc.) and personal lifestyles (such as cigarette smoking, alcohol drinking, physical activity, dietary habits, etc.).
Clinical Measurements
Blood pressure, body weight, height, and WC were measured by standard methods during the interview and physical examinations [7] . Height was measured to the nearest 0.1 centimeter (cm), without shoes, with the participant's back square against the wall tape, eyes looking straight ahead with a right-angle triangle resting on the scalp and against the wall. Weight was measured in light undergarments without shoes with a lever balance to the nearest 0.1 kilogram (kg). WC was defined as the midpoint between the lower rib and upper margin of the iliac crest, measured by a ruler tape with an insertion buckle at one end. WC and HC was measured to the nearest 0.1 cm. BMI was calculated by dividing weight (in kilograms) by height (in meters) squared (kg/m 2 ). To ensure comparability with other studies, our study incorporated the criteria recommended by the Working Group on Obesity in China (WGOC) (Normal: BMI < 24.0 kg/m 2 ; Overweight: BMI 24.0 ď 28.0 kg/m 2 ; General obesity: BMI ě 28 kg/m 2 ; Abdominal obesity: WC ě 85 cm for men and ě 80 cm for women [8] and the WHO classifications for Europids (Normal: BMI < 25.0 kg/m 2 ; Overweight: BMI 25.0 ď 30.0 kg/m 2 ; General obesity: BMI ě 30 kg/m 2 ; Abdominal obesity: WC ě 102 cm for men and ě88 cm for women) [9] . Blood pressure was measured three times on each subject in a quiet room, using a platform mercuric sphygmomanometer in the sitting position after a 15 min rest. Time interval was greater than 2 min [1].
Diagnostic Criteria
Hypertension was defined as SBP ě 140 mmHg or DBP ě 90 mmHg, or current use of any antihypertensive medication or any combination of the above [10] . Dyslipidemia was defined according to the prevention standard proposed for dyslipidemia in China in 2007 (Joint Committee for Developing Chinese Guidelines on Prevention and Treatment of Dyslipidemia in Adults, 2007), TG ě 2.26 mmol/L, TC ě 6.22 mmol/L, LDL-C ě 4.14 mmol/L and HDL-C < 1.04 mmol/L were considered indicative of hypertriglyceridemia, hypercholesterolemia, high LDL-C and low HDL-C, respectively [11] .
Statistical Analysis
A databank was created using the EpiData software (EpiData Association: Odense, Denmark). Data was analyzed using the Statistical Program for Social Sciences, version 17.0 (SPSS Inc.: Chicago, IL, USA). Continuous variables were presented as means˘standard deviations (m˘sd), and were analyzed using t-test and ANOVA. Categorical variables were expressed as proportion (%) and frequency (n), and were analyzed using the Chi-square test or Chi-square trend test. As for hypertension, adjusted odds ratio (OR) with associated 95% confidence, interval (95%CI) were calculated using multivariate logistic regression model, using the enter method. The official 2000 census data of China was used to calculate age-standardized prevalence of hypertension, using the direct method and 10-year ages range. All statistical tests were two-sided and differences were considered statistically significant when the p value was < 0.05.
Results
Basic Characteristics of Population
There were 4962 (43.8%) men and 6378 (56.2%) women among the 11,340 adults. The Kazakh, Uyghur, and Han nationalities accounted for 34.4% (3904), 35.1% (3976) and 30.5% (3460), respectively. Illiterates, primary education and below accounted for 19.4% (2200) and 88.8% (10, 070) . People with agriculture and animal husbandry occupations accounted for 69.0% (7829). Table 1 showed the age, BMI and WC data of the study population. Table 2 shows levels of blood pressure based on age and nationality classifications. SBP and DBP of the population were (126.3˘21.4) and (80.9˘13.4) mmHg. Compared with Han, SBP and DBP of Kazakh were significantly high (p < 0.05), while SBP and DBP of Uyghur were significantly low (p < 0.05). SBP and DBP increased significantly with the increase in age (p < 0.05). Table 3 shows the prevalence of hypertension based on age and nationality classifications. Prevalence of hypertension of the population was 32.1%. Prevalence of hypertension was greater among Kazakhs and lower among the Uyghur than the Han subjects (p < 0.05). Prevalence of hypertension increased significantly with the increase in age (p < 0.05). Table 4 shows the prevalence of hypertension increased significantly with the increase in BMI (p < 0.05). Prevalence of hypertension was greater among Kazakhs and lower among Uyghur than Han in each BMI group (p < 0.05). Table 5 shows the prevalence of hypertension increased significantly with the increase in WC (p < 0.05). Prevalence of hypertension was greater among Kazakh nationals and lower among Uyghur than Han in each WC group (p < 0.05). 
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Adjusted ORs of Associated Factors for Hypertension
A multivariate logistic-regression analysis, using the enter method, was used to determine the adjusted odds ratios (ORs) of the independent predictors of hypertension. A p value of < 0.05 was considered statistically significant. The results of multivariate logistic-regression analyses showed that hypertension was statistically significantly associated with gender, age, nation, BMI, WC, WHR, diabetes, hyperlipidemia, high cholesterol, high LDL-C and low LDL-C (p < 0.05, Table 6 ). 
Discussion
Hypertension remains a major health and economic problem around the world today [12] . It is related to many factors, and there are significant differences between regions and nationalities. This survey found that the standardized prevalence of hypertension in remote rural areas of Xinjiang was 30.2%, and 37.0%, 26.0% and 27.8% in the Kazakh, Uyghur and Han population, respectively, which was significantly higher than the results of the China National Nutrition and Health Survey (where the prevalence of hypertension of national and rural areas were 18.8% and 12.6% [13, 14] ). The underlying reasons may be geographical and policy remoteness, medical care and education disadvantages, unbalanced diet and insufficient physical activities.
Firstly, Xinjiang, occupying a vast territory, is located in the northwest of China and is geographically remote from the central government. The distance from our investigation areas to the capital Beijing is about 4407 km, and the investigation areas were the most remote areas of China, so it was difficult for national policies and systems to reach the region. By 2014, Xinjiang's GDP ranked 25th among 31 provinces in China, and lagged behind the whole national level. For example, in Jiashi County, an Uyghur concentrated areas, more than 92% of Uyghurs live on US $1.00 per day or less, in sharp contrast to the national average whereby 15.9% of people live on US $1.00 per day [15, 16] .
Secondly, people with agriculture and animal husbandry occupations accounted for 69.0% (7829/11,340) in the total study population. Besides, the survey population had a low level of education, so the illiteracy rate was 19.4%, higher than the national illiteracy rate of 4.1%, and primary education and below accounted for 88.8%, higher than the national rate of 64.3% [17] . Epidemiological studies carried out in the United States, Britain, Norway and other countries have shown a significant negative correlation between education level and blood pressure [18] [19] [20] [21] . Due to their geographical remoteness and economic backwardness, the rural areas of Xinjiang are extremely backward in medical conditions. Low education level, poor health awareness, and unhealthy life styles among its ethnic minorities make the prevalence of hypertension, disability and mortality rate be at high levels in the remote rural areas of Xinjiang.
Thirdly, Xinjiang was a minority-populated area, Uyghur and Kazakh are the two main ethnic minorities, and their living environment and bad eating habits led to a higher prevalence of hypertension than national the national average [3, 5] . Kazakhs and Uyghurs accounted for 34.4% and 35.1% of the survey population, respectively, causing the prevalence of hypertension in the remote rural areas of Xinjiang to be at a high level.
Epidemiological studies have shown with an average dietary salt intake increase of 2 g/d, SBP and DBP respectively increased by 2.0 and 1.2 mmHg [22] . The daily salt intake of Kazakhs is high. Their staple food and drink are mainly the salty roasted nang and salty milk tea, resulting in a salt intake >40 g/d, while the average salt intake in most parts of China is only 12 g/d [23] . The daily foods were mainly pasta, beef and mutton, dairy foods (high in animal fat) and bacon-based products, but fresh vegetables and fruits were scarce. This unique diet may cause obesity, diabetes, dyslipidemia, etc., which can affect their blood pressure level.
The survey population was mainly farmers and herdsmen, with poor economic status and education. Specifically the basic diet of the Uyghur contains carbohydrates and proteins but was deficient in vitamins, so obesity among the Uyghur is serious, which makes their blood pressure high.
Lastly, Xinjiang is located in the northwest inland area of China, where rural people do not need to engage in agricultural production during the long and cold winter. For example, the Kazakh are nomadic and reside in mountainous areas where outdoor activities are impractical during the cold winter, and the few outdoor activities increases their risk of hypertension.
These factors mention above cause obesity, diabetes, dyslipidemia and other hypertension risk factors gathered together, can lead to serious hypertension, consistent with literature reports [24] [25] [26] [27] [28] . In this study, prevalence of hypertension was greater among the Kazakh subjects and lower among the Uyghur than among the Han, and multivariate regression logistic analysis showed that Kazakh showed OR of hypertension while Uyghur and the Han showed reduced OR, which further proved that ethnic and regional differences caused diversity in the prevalence of hypertension [4] . The information above reminds us that further studies on the genetic and environmental interaction mechanism of hypertension, and strength of the relationships should be conducted.
Many studies have confirmed that body fat percentage was positively correlated with blood pressure. Compared with the normal BMI, a BMI ě 24 bkg/m 2 causes three to four times the risk of hypertension, WC ě 90 (men) or ě85 cm (women) cause more than four times of the risk of hypertension than the normal WC [1] . This study found that with increased BMI and WC, the prevalence of hypertension showed an increasing trend. In addition, multivariate analysis showed that the correlation with hypertension was higher among overweight/obesity (OR = 1.842) than abdominal obesity (OR = 1.585), which indicated that maintaining a normal BMI, compared with WC and WHR, may be more significant for the prevention and treatment of hypertension, and general obesity, compared with abdominal obesity, may represent a greater risk of hypertension. Besides, high BMI increased almost 5.5 times the OR of hypertension to the maximum extent, which suggested that obesity maybe an essential risk factor of hypertension among ethnic minorities in the remote rural areas of Xinjiang.
Because the Kazakh and Uyghur reside at the borders where Asian and Caucasian people were mixed together [25] , molecular genetics studies have found that the Uyghur have a mixture of 60% European ancestry and 40% East Asian ancestry [29] . This discovery may explain, at least in part, how the genetic influence on the Kazakh and Uyghur caused their obesity rate to be higher than among Chinese, but lower than Europeans. Related research found that prevalence of obesity among the Kazakh and Uyghur was higher than the national average [30] , which also explained one of the main reasons why the prevalence of hypertension in the remote rural areas of Xinjiang was so high [31] .
Further research should be conducted to explore the environmental and genetic interactions of hypertension. There is an urgent need to undertake effective and comprehensive preventive measures and interventions for hypertension, screening high-hypertension risk groups, establishing scientific and healthy lifestyles, strengthening health investments and policy support in the remote rural areas of Xinjiang, correctly guiding healthy living behavior and eating habits, especially among the minorities, improving the prevention and treatment of hypertension, reducing hypertension and related diseases, which can reduce the risk of cardiovascular disease and promote health.
Conclusions
The prevalence of hypertension among adults in the rural remote areas of Xinjiang was higher than the national average. Prevalence of hypertension was greater among the Kazakh minority but lower among the Uyghur than Han nationals, and there were significant differences between regions and nationalities. Gender, age, nation, occupation, education, overweight or obesity, abdominal obesity, diabetes, hyperlipidemia, hypercholesterolemia, high LDL-C were positively correlated with hypertension, while low HDL-C was negatively correlated with hypertension.
